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Abstract: As global warming intensifies, regional thermal environment problems are becoming increasingly prominent.
Therefore, the cooling effect of vegetation has gradually gained widely attention. Existing studies mostly analyzed the cooling
effect of different types of vegetation from plot-scale. However, studies on region scale mostly focused on the qualitative
analysis of relationship between vegetation parameters and surface temperature. Due to lack of comparative analysis between
test plot and control plot, there have certain limitations for evaluate actual cooling effect and calculate corresponding cooling

value. Using the nearest neighbor analysis in this article, the MODIS surface temperature of forest, shrub and grassland
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were compared with the surface temperature of low coverage to analyze the cooling effect of vegetation. The range of the
control area was selected as Skm because adequate control plots were found within this distance. The regression fitting was
used to analyze the influence of vegetation coverage on cooling effect. According to the results, cooling effect in Eastern
Inner Mongolia, Central Inner Mongolia, and Inner Mongolia-Gansu subregions all showed forest > shrub > grassland. The
range of temperature reduction in forest was 0.67—1.03 °C, that in shrub was 0.60—0.95 °C, and that in grassland was
0.47—0.86 °C. The regression fitting of vegetation cooling degree and vegetation coverage was logarithmic distribution, and
which showed significantly positive correlation (P < 0.01). When the vegetation coverage level is lower (< 40%), the
increase of vegetation coverage can significantly reduce the surface temperature. For example, every 10% increase in low
coverage forests (< 40%), the range of temperature reduction was 0.20—0.27 °C, that in medium coverage forests
(40%—60% ) was 0.12—0.16 °C, and that in high coverage forests ( >60% ) was 0.07—0.10 “C. Differences in the
cooling effect of different vegetation coverage may be affected by multiple factors such as vegetation transpiration, surface
reflection, shading, roughness, and so on. The results showed that trees can effectively block direct sunlight, and the
cooling effect is significantly higher than that of shrubs and herbs. For instance, every 10% increase in vegetation coverage
would result in forest cooling of 0.12—0.39 °C , shrub cooling of 0.1—0.2 “C and grassland cooling of 0.049—0.075 °C. In
conclusion, Inner Mongolia is one of the most sensitive regions to global climate change. To study the cooling effect of
vegetation can provide importantly theoretical support and case reference for the assessment of climate regulation services in

the Inner Mongolia.

Key Words: cooling effect; vegetation coverage; Inner Mongolia; climatic zone

TE A BRASAGAS B AT AL BERR IR A0 75 55 T, A S R G AR VAT DI REB WA 2 2 i oG ™
— 7 ThIE 3 T/ 3 1 DS A Wt R A~ AT A 2 T 2 28800 5 73— T 36 e 2 7Pl 2 5 1R 45 2 9y
R FRVA Y DA ARTRIGE A AR R PR ity 7 i AR T IR A8, (L[ P 2 5 HR 3 R I S
TE—E R B L3 B B RE A LT, AT 2 A WS W Y s DR B e 1) 2 S BE T 5P 4y 2 S TR
FRARIE AR | B A S35 A A T 800 5 SRt i X 2 S RSO, B o, L BT S i e A — 8 AR 5 ikt 3 UL
FE T 5 TR DX ply T AL AR I 2 S PR 12 X A B ) A 94 1 A7 A — 2 I 4L

RLRORE o B R Bl T AR A S B — B E B GRS 3 S IR ORDRS JEE il 1 7K SO A
B - SR 545 R TIT 5 | B b R TR RS R b T AR Ak I AT R L A X i 2 U S 11
ZHIF L 0 Jin S W5 T v A e SRR T b R IR R A AR s e SRR E TR IX R TR
DRI DX AP 5 B S DRI B I DG R S 22 5 DGR SE ™ BIF 90 SR AT ke P T A o 5 2 L
GG, RS TR R b R L 0 L S AN ) Y R SRR A WA 5 B T
RACRGBOR AN 5 T RIBTTE 2 ME PRI A B8 7R AN ] DX 2308 P S AP i L YOG &R A Bt
5 X AR R 25 W) (B 5 22 i T SR S B R A 0 v 35 4 RS 1 AT I S Ak i T 45 A X R T
ROV R, DA e A P BE A T 0.6—0.85 7 HE B BAT BRI BEIR ALV . P48 #4612 L) Ll vl S 4],
AT T 18 A BAUG T S AR DA 1V R T Ak H SRR 1.17—5.6°C 0 T HE b RS2 500 T 4
e T UL B AT B, 4% 11 G 9 B AT, 78 PP A DX R B ARl B T A (B T A — 7 i S B
Li 5514 455 MODIS 2 1k e SO BIF 72 42 BRARMR G E15 RORE , K ARbR 5 T 320 25 1 i 1) b 382 W BE AR L, 4
RPN 0 CRRAR I R BERRIL 2.41°C 7oA, PR R X RRARIR UL 0.97°C 727, HoR bR LS i AR AT B 4
ARRRRIR AR o (EL L T DA 3 14 Al AR LA AL A7 i 32 25 DR 3 0 Rt A 2 W) BRI AL ST SR 1

UEAESR , RARMRARS ABBFIE AR 5T KD PR A5 A 25 OR3P TR A S S 35 0 1 PR S8ty X 9 A 3 ot
FURUTE R ASCRA St ST IX, LA MODIS My 2 IRLRE K508 S Bl 38 od Xof LU AR X 5 ) 0 3 Bt X (IR
SHAEPIX ) AR IELIE 22, 3T AR THE AR i 1) 520 2k T S0 L R AR A3 ot X ek 280 PR R )

http ; //www.ecologica.cn



224 TSGR 24 AR T St P 0T B 2 AR (19 5 Wil —— L P 5t DA 1) 9167

1 HRRBEHEFRIR

1.1 AR5

INSE o T [E L BB 58 ( 37°24"—53°23'N 1 97°12'—126°04'E ), ZR AL R 2464204 | 76 & J5 SE G I ) AR
At P E AR BAATE 200 7 AR (B 1) o B TARTATIX N2 0 X AT XA A DX PN A b 45
WD RS EEMIR T HEARIK SRR M H X 3 4 3800 X AR B R R RN . N5t/ b 30 AL
PEZBERE, JE T 152 AT R AR R IR R WS T, A S BG5S | & 2R AR
et A UG X2 — I XA R AR & W R G- PU R — AR O ARk R JE RN B (K 2) . B E iR
KRAEPTE 7T—8 1 M4E 2018 Ry LM , N5 119 N4, Hrp 78 MR e Bl =35C 1
TR 495 Wk, B4y A AE Bl R B S0l T | B e R TV R B RS D G ol e T b b A
HIX BT

>z

R
I K

" gpx (4 WK
Sl -

0 200 km
[E—

Bl1 ARHESERSHE

Fig.1 The distribution map of climatic regions in Inner Mongolia
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Fig.2 The study area location and land use map
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Fig.3 The distribution map of vegetation coverage in Inner Mongolia
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Table 1 The sample number of regression analysis of vegetation coverage and temperature reduction in various climatic areas of Inner Mongolia
FRMK Forest T Shrub ELHlL Grassland

FEAHR/ A e EE T (>60%) I (>60%) T (>60%)
- High coverage High coverage

B B
Number of samples High coverage NN FEA

Total samples Total samples Total samples

samples samples samples
FRIX Bkt 1094 491 562 126 1023 769
Eastern Inner Mongolia A 957 507 2023 490 2339 1188
ZFHKX SCON ] 9012 1003 2090 154 4868 320
Central Inner Mongolia FEE 6752 579 77057 1170 12652 453
FHIX wAME 15245 637 4571 46 41614 14
Inner Mongolia-Gansu FEE 12787 318 84612 612 72565 19

3 ZERAMm

3.1 NS RLB RR RN

A SR FHIE AR /3 BT i 58 N S AR P IR0 . DA 2015 4F 7 H e KA SEEBE R A 45 5ok &
1 T S B = 1K) R DX ) e R B AR T B 5 B s T A P e Ah , S KA i e A8 S A EE A
EHERE (B 5) . WABERNZEEARE , th T2 SO R B AR 7 125 5, AROpRRE IR 45 3 /= 17 A
b PNSE T SR DX 5 DX 52 T DX A 98 30 31 TRl AR AR 0.67—1..03°C, HE M\ 0.60—0.95°C , it
0.47—0.86°C (£ 2) .

K2 NEHETESEXERTHEEES

Table 2 The temperature reduction from vegetation in main climatic regions of Inner Mongolia
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Vegetation type Kokl T Bk fi T Bk THfi
Maximum Average Maximum Average Maximum Average
ARPK Forest/ C 2.59 1.03 1.84 0.80 1.12 0.67
H#EM Shrub/C 0.95 0.95 0.71 0.71 0.60 0.60
Hith Grassland/°C 4.08 0.86 2.33 0.59 0.96 0.47
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Fig.5 The monthly maximum and average temperature reduction in forest,shrub and grassland in Inner Mongolia
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Fig.6 Regression fitting diagram of vegetation coverage and monthly average cooling effect
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